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(54) TAG READER AND TAG READING SYTEM

(57) According to one embodiment, a tag reader
comprises a communication interface connectable to an
external device, a communication control circuit config-
ured to output a tag interrogation signal at different output
levels from an antenna and receive a tag response signal
via the antenna, and a processor. The processor is con-
figured to notify the external device, via the communica-

tion interface, of an output level of the tag interrogation
signal corresponding to a received tag response signal
from a wireless tag, a tag identification of the wireless
tag included in the received tag response signal, and an
indication of a signal strength of the received tag re-
sponse signal.



EP 3 872 684 A1

2

5

10

15

20

25

30

35

40

45

50

55

Description

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon and claims the
benefit of priority from Japanese Patent Application No.
2020-029095, filed on February 25, 2020, the entire con-
tents of which are incorporated herein by reference.

FIELD

[0002] Embodiments described herein relate generally
to a tag reader and a tag reading system.

BACKGROUND

[0003] There is a tag reading system for reading an
RFID tag, which can also be referred to as a wireless tag.
The RFID tag can be read while at an unspecified position
within range of the tag reading system. There is a tag
reading system that detects a change in a relative posi-
tion of an RFID tag (with respect to a tag reader) by de-
tecting a change in a strength of the signal that the tag
reader receives from the RFID tag.
[0004] The tag reader reads the RFID tag by receiving
a response signal from an RFID tag that has been acti-
vated by an interrogation radio wave from the tag reader.
In such a reading process, some tag readers may adjust
the strength of the interrogation radio wave output from
the reader. However, if the strength of the signal output
by the tag reader (the interrogation wave) is unknown, it
can be difficult to detect a change in the relative position
of the RFID tag by detecting changes in the strength of
the signal received from the RFID tag (the response
wave).

SUMMARY OF THE INVENTION

[0005] One of the objects of the present invention is to
improve prior art techniques and overcome at least some
of the prior art problems as for instance above illustrated.
[0006] According to a first aspect of the invention, it is
provided a tag reader, comprising a communication in-
terface connectable to an external device; a communi-
cation control circuit configured to output a tag interro-
gation signal at different output levels from an antenna
and receive a tag response signal via the antenna; a proc-
essor configured to notify the external device via the com-
munication interface of: an output level of the tag inter-
rogation signal corresponding to a received tag response
signal from a wireless tag, a tag identification of the wire-
less tag included in the received tag response signal, and
an indication of a signal strength of the received tag re-
sponse signal.
[0007] Optionally, in the tag reader according to the
first aspect of the invention, the communication control
circuit includes a level detection circuit configured to
measure and output an RSSI value of the received tag

response signal, and the indication of the signal strength
of the received tag response signal is the RSSI value.
[0008] Optionally, in the tag reader according to the
first aspect of the invention, the processor notifies the
external device of the output level, the tag identification,
and the indication of the signal strength of the received
tag response signal as a tag reading result transmitted
via the communication interface to the external device at
the same time.
[0009] Optionally, in the tag reader according to the
first aspect of the invention, the processor notifies the
external device of the output level at a different time than
the tag identification and the indication of the signal
strength of the received tag response signal.
[0010] Optionally, in the tag reader according to the
first aspect of the invention, the wireless tag is a radio
frequency identification (RFID) tag.
[0011] Optionally, the tag reader according to the first
aspect of the invention further comprises a grip part con-
figured to gripped by a user; and an external device hold-
ing part connected to the grip part and configured to hold
the external device.
[0012] Optionally, the tag reader according to the first
aspect of the invention further comprises to hold a plu-
rality of articles each individually tagged with a wireless
tag, wherein the antenna is positioned to read wireless
tags on articles held on the article display shelf.
[0013] Optionally, in the tag reader according to the
first aspect of the invention, the communication interface
is a wireless communication interface.
[0014] Optionally, in the tag reader according to the
first aspect of the invention, the communication interface
is a wired communication interface.
[0015] According to a second aspect of the invention,
it is provided a wireless tag reading system, comprising
a tag reading including an antenna; a first communication
interface; a communication control circuit configured to
output a tag interrogation signal at different output levels
from the antenna and receive a tag response signal via
the antenna; a first processor configured to transmit via
the first communication interface: an output level of the
tag interrogation signal corresponding to a received tag
response signal from a wireless tag, a tag identification
of the wireless tag included in the received tag response
signal, and an indication of a signal strength of the re-
ceived tag response signal; and an external device in-
cluding: a second processor configured to receive the
output level, the tag identification, and the indication of
the signal strength from the tag reader via the first com-
munication interface and detect a movement of the wire-
less tag based on the received output level, tag identifi-
cation, and indication of the signal strength.
[0016] Optionally, in the wireless tag reading system
according to the second aspect of the invention, the com-
munication control circuit includes a level detection circuit
configured to measure and output an RSSI value of the
received tag response signal, and the indication of the
signal strength of the received tag response signal is the
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RSSI value.
[0017] Optionally, in the wireless tag reading system
according to the second aspect of the invention, the first
processor transmits the output level, the tag identifica-
tion, and the indication of the signal strength of the re-
ceived tag response signal as a tag reading result.
[0018] Optionally, in the wireless tag reading system
according to the second aspect of the invention, the first
processor transmits the output level at a different time
than the tag identification and the indication of the signal
strength of the received tag response signal.
[0019] Optionally, in the wireless tag reading system
according to the second aspect of the invention, the wire-
less tag is a radio frequency identification (RFID) tag.
[0020] Optionally, in the wireless tag reading system
according to the second aspect of the invention, the tag
reader further includes: a grip part configured to gripped
by a user; and an external device holding part connected
to the grip part and configured to hold the external device.
[0021] Optionally, the wireless tag reading system ac-
cording to the second aspect of the invention further com-
prises an article display shelf configured to hold a plurality
of articles each individually tagged with a wireless tag,
wherein the antenna is positioned to read wireless tags
on articles held on the article display shelf.
[0022] According to a third aspect of the invention, it
is provided a tag reader connected to a host device, the
tag reader comprising: a communication control circuit
configured to output a tag interrogation signal at different
output levels from an antenna and receive a tag response
signal via the antenna; a first processor configured to
notify a host device of: an output level of the tag interro-
gation signal corresponding to a received tag response
signal from a wireless tag, a tag identification of the wire-
less tag included in the received tag response signal, and
an indication of a signal strength of the received tag re-
sponse signal.
[0023] Optionally, the tag reader according to the third
aspect of the invention further comprises a grip part con-
figured to gripped by a user; and an external device hold-
ing part connected to the grip part and configured to hold
the host device.
[0024] Optionally, the tag reader according to the third
aspect of the invention further comprises an article dis-
play shelf configured to hold a plurality of articles each
individually tagged with a wireless tag, wherein the an-
tenna is positioned to read wireless tags on articles held
on the article display shelf.
[0025] Optionally, in the tag reader according to the
third aspect of the invention, the wireless tag is a radio
frequency identification (RFID) tag.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026]

FIG. 1 is a block diagram schematically illustrating
a tag reading system including a tag reader accord-

ing to an embodiment.
FIG. 2 depicts aspects of a tag reading system ac-
cording to an embodiment.
FIG. 3 depicts aspects of a tag reading system ac-
cording to an embodiment.
FIG. 4 depicts example reading results stored in a
buffer memory a tag reader according to an embod-
iment for an RFID tag.
FIG. 5 is a flowchart depicting aspects of an opera-
tion example of a tag reader according to an embod-
iment.

DETAILED DESCRIPTION

[0027] According to one embodiment, a tag reader
comprises a communication interface connectable to an
external device, a communication control circuit config-
ured to output a tag interrogation signal at different output
levels from an antenna and receive a tag response signal
via the antenna, and a processor. The processor is con-
figured to notify the external device, via the communica-
tion interface, of an output level of the tag interrogation
signal corresponding to a received tag response signal
from a wireless tag, a tag identification of the wireless
tag included in the received tag response signal, and an
indication of a signal strength of the received tag re-
sponse signal.
[0028] Hereinafter, certain example embodiments will
be described with reference to the drawings.
[0029] First, a configuration of a tag reader 10 and a
tag reading system 1 incorporating the tag reader 10 ac-
cording to an embodiment will be described. FIG. 1 is a
block diagram schematically illustrating a configuration
example of a tag reading system 1 including a tag reader
10 according to an embodiment. As shown in FIG. 1, the
tag reading system 1 includes the tag reader 10 and a
host device 11. In the tag reading system 1, the tag reader
10 reads RFID tags (wireless tags). The host device 11
detects a change in the relative position of the RFID tag
with respect to the tag reader 10 based on the continu-
ously performed readings from the tag reader 10. In gen-
eral, when the position of the tag reader 10 is fixed or
substantially so, the change in relative position of the
RFID tag can be considered to be caused by movement
of the RFID tag.
[0030] For example, the tag reading system 1 is oper-
ated as a search system for searching for an article to
which an RFID tag has been attached. The tag reading
system 1 may be designed to search within or cover an
area such as a warehouse or a retail store. For a tag
reading system 1 operating as the search system, the
tag reader 10 continuously attempts to read RFID tags.
The host device 11 acquires reading results for each
RFID tag that has been read from the tag reader 10, and
detects a change in a relative position between the tag
reader and the RFID tag based on the acquired reading
result. The reading result of the RFID tag also includes
information indicating the strength of a reception signal
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received by the tag reader from the RFID tag. The host
device 11 detects a change in the relative position be-
tween the tag reader and the RFID tag based on a change
in the strength of the received signal in time series.
[0031] In the present embodiment, it is assumed that
the tag reader 10 continuously attempts to read RFID
tags attached to articles such as commodities for sale.
The host device 11 detects the change of the relative
position between the tag reader and a RFID tag from the
reading results from the RFID tag over time. Depending
on the particular tag reading system 1, the tag reader 10
may be fixed or moveable. For example, a moveable tag
reader 10 may be a hand-held type device or may be
mounted on a moving body. In any event, the host device
11 detects a change in relative position between the tag
reader and the RFID tag based on the reading results for
the RFID tag acquired by the tag reader 10.
[0032] The tag reader 10 receives a response signal
from the RFID tags present within a communication
range by wireless communication. The response signal
from each RFID tag includes information (tag informa-
tion) that has been stored in the RFID tag.
[0033] The tag reader 10 transmits a radio wave for
requesting a response from the RFID tag. This radio wave
(referred to as an interrogation signal) is output at a
strength (output value) that can be set for each RFID tag
type or the like. The tag reader 10 receives a response
signal from an RFID tag in response to the interrogation
signal. That is, the tag reader 10 receives a response
signal including the tag information from any RFID tag
activated by the interrogation signal within the commu-
nication range of the tag reader 10. When multiple RFID
tags are within the communication range, the tag reader
receives a different response signal (different tag infor-
mation) from each of the RFID tags.
[0034] The tag reader 10 measures an RSSI value in-
dicating a strength of a response signal received from an
RFID tag. The tag reader 10 supplies the tag information
included in the response signal from each RFID tag to
the host device 11 together with the corresponding RSSI
value for the tag as the reading result of the RFID tag.
The tag reader 10 may also include, in the reading result
for each RFID tag, an output value for the interrogation
signal when the response signal was received.
[0035] The RFID tag can be attached to an article such
as a commodity for sale, or a component being tracked
in a warehouse or supply chain. The information stored
in the RFID tag (the tag information) can include infor-
mation for identifying the article (e.g., a tag identification
number) or the like. The information stored in the RFID
tag is recorded in an internal memory of the RFID tag.
The RFID tag is activated by radio waves from the tag
reader 10. The RFID tag outputs a response signal in-
cluding the tag information recorded in its memory in re-
sponse to a read command received from the tag reader
10. The RFID tag is powered by the radio waves received
from the tag reader 10. Therefore, the strength of the
response signal output by the RFID tag can be affected

by the strength of the interrogation signal transmitted
from the tag reader 10.
[0036] The host device 11 is an information processing
terminal communicably connected to the tag reader 10.
For example, the host device 11 is an information
processing terminal such as a smartphone or a tablet PC
including a display device with a touch panel as a user
interface. The host device 11 may be an information
processing device installed at any position as long as it
has a communication interface capable of communicat-
ing with the tag reader from the position.
[0037] In the configuration example illustrated in FIG.
1, the host device 11 includes a processor 12, a memory
13, a communication interface (I/F) 14, a display device
15, an input device 16, and the like. The processor 12
performs overall control processing overall, data
processing, and the like. The processor 12 is, for exam-
ple, a CPU. The processor 12 executes a program stored
in the memory 13 to realize various operations and func-
tions. For example, the processor 12 detects the move-
ment of an RFID tag (or the change in the relative position
between the tag reader 10 and the RFID tag) based on
the reading results of the RFID tag acquired from the tag
reader 10. These processes are realized by the proces-
sor 12 executing an application program installed in the
memory 13.
[0038] The communication I/F 14 is an interface for
communicating with an external device. In the present
embodiment, the communication I/F 14 is an interface
for communicating with the tag reader 10. The commu-
nication I/F 14 may be an interface for wired communi-
cation or an interface for wireless communication. For
example, the communication I/F 14 can be realized by a
LAN interface, a universal serial bus (USB) interface, a
Bluetooth® interface, a Wi-Fi interface, or the like.
[0039] The display device 15 displays information. For
example, the display device 15 displays detection results
concerning the RFID tag (for example, indicates a move-
ment of the RFID tag). The input device 16 receives op-
erator/user inputs indicating an operation instruction or
the like. The display device 15 and the input device 16
can be integrated and provided, for example, as a display
device with a touch panel.
[0040] In the configuration example illustrated in FIG.
1, the tag reader 10 includes a processor 21, ROM 22,
RAM 23, a communication control circuit 24, an antenna
25, a communication interface (I/F) 26, a display device
27, and a power supply 28.
[0041] The processor 21 provides overall control of the
tag reader 10. The processor 21 includes, for example,
an arithmetic circuit such as a CPU. The processor 21
implements control of each unit and various types of data
processing by executing a program. The processor 21
may include an internal memory. The processor 21 im-
plements various processes by executing a program
stored in the ROM 22 or the internal memory. For exam-
ple, the processor 21 interprets commands from the host
device 11 received by the communication I/F 26 and ex-
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ecutes a process corresponding to each received com-
mand.
[0042] The ROM 22 is a non-rewritable nonvolatile
memory. The ROM 22 stores a program executed by the
processor 21 and the like. The RAM 23 is a volatile mem-
ory that stores data. For example, the RAM 23 functions
as a working memory or a buffer memory. The RAM 23
has a buffer memory 31 for storing the reading result of
the RFID tag. The tag reader 10 may include a rewritable
nonvolatile memory such as a hard disk drive (HDD) or
a solid-state drive (SSD).
[0043] The communication control circuit 24 and the
antenna 25 can be considered to form an RFID commu-
nication interface for reading or communicating with an
RFID tag. The communication control circuit 24 causes
the antenna 25 to transmit a transmission signal (radio
wave) supplied from the processor 21 at a set output
value. The antenna 25 outputs the transmission signal
supplied from the communication control circuit 24 as a
radio wave that can be received by the RFID tag.
[0044] The communication control circuit 24 also sup-
plies a signal received by the antenna 25 to the processor
21 as reception data. That is, the antenna 25 receives a
response signal from the RFID tags, and the communi-
cation control circuit 24 processes the response signal
received by the antenna 25 and then supplies the re-
sponse signal to the processor 21. For example, the com-
munication control circuit 24 supplies the tag information
included in a reception signal and an RSSI value indicat-
ing the strength of the reception signal to the processor
21.
[0045] The communication I/F 26 is an interface for
communicating with an external device. In the tag reading
system 1, the communication I/F 26 is a communication
interface for communicating with the host device 11. The
communication I/F 26 may be an interface for communi-
cation connection with the host device 11. The commu-
nication I/F 26 may be an interface for wired communi-
cation or an interface for wireless communication. For
example, the communication I/F 26 can be realized by a
LAN interface, a universal serial bus (USB) interface, a
Bluetooth® interface, a Wi-Fi interface, or the like.
[0046] The display device 27 displays the operation
state of the tag reader 10. The display device 27 can be,
for example, an LED or the like. The power supply 28
supplies power for operating the tag reader 10. The pow-
er supply 28 supplies power for operation to each unit of
the tag reader 10. For example, if the tag reader is a
handheld or other mobile type, the power supply 28 can
be realized by a rechargeable battery. If the tag reader
10 is of a stationary type connectable to a commercial
power supply, the power supply 28 can be a power supply
circuit connected to the commercial power supply.
[0047] In the configuration example shown in FIG. 1,
the communication control circuit 24 includes a modula-
tion unit 41, a transmission-side amplification unit 42, a
direction coupler 43, a reception-side amplification unit
44, a demodulation unit 45, an output setting unit 46, a

level detection unit 47, and a thermistor 48.
[0048] The modulation unit 41 is a modulation circuit
(modulator) that modulates a waveform signal (carrier
wave) according to input data. The modulation unit 41
modulates a carrier wave with transmission data as sup-
plied from the processor 21. The transmission-side am-
plification unit 42 is an amplification circuit (amplifier) that
amplifies the input signal received from the modulation
unit 41. The direction coupler 43 includes a circuit that
supplies the signal output from the transmission-side am-
plifier 42 to the antenna 25. Thus, the communication
control circuit 24 outputs from the antenna 25 a carrier
wave modulated by transmission data.
[0049] The RFID tags receive the radio waves trans-
mitted from the antenna 25. The RFID tag receives, for
example, a read command included in a signal received
from the antenna 25. When the RFID tag responds to the
read command, the RFID tag outputs data (tag informa-
tion) stored in the memory of the RFID tag, for example,
by backscatter modulation.
[0050] The antenna 25 then receives radio waves out-
put by the RFID tag(s). The direction coupler 43 includes
a circuit that acquires the reception signal received by
the antenna 25 and supplies the acquired reception sig-
nal to the reception-side amplification unit 44. The recep-
tion-side amplification unit 44 is an amplification circuit
(amplifier) that amplifies the input signal. Here, the re-
ception-side amplification unit 44 amplifies a reception
signal received by the antenna 25. The demodulation
unit 45 is a demodulation circuit (demodulator) that de-
modulates the data superimposed on a waveform signal
(carrier wave). The demodulator 45, in effect, decodes
data (tag information) included in the reception signal as
amplified and output by the reception-side amplification
unit 44.
[0051] The antenna 25 may both transmit and receive
radio waves to and from the RFID tag. That is, the an-
tenna 25 may transmit a signal to be supplied to the RFID
tag and also receive a radio wave output from the RFID
tag. In the present embodiment, the antenna 25 is posi-
tioned to transmit electromagnetic waves toward a par-
ticular reading area. The tag reader 10 is configured to
communicate with the RFID tags on items or commodi-
ties disposed in this reading area of the antenna 25. The
antenna 25 is, for example, a planar antenna. However,
the antenna 25 is not necessarily limited to any specific
configuration.
[0052] The output setting unit 46 is a circuit that sets
a strength (output value) of a signal to be output from the
tag reader 10. The output setting unit 46 performs control
so that the strength of a signal output to the amplification
unit 42 matches a set output value. In particular, the am-
plification unit 42 amplifies the signal supplied from the
modulation unit 41 so as to have the output value (signal
strength) as set by the output setting unit 46, and outputs
this amplified signal to the directional coupler 43. Thus,
the antenna 25 transmits an output signal (radio wave)
having an output value as set by the output setting unit 46.
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[0053] The level detection unit 47 is a signal level de-
tection circuit that detects, measures, or calculates a
strength of a signal received by the antenna 25. The level
detection unit 47 detects the strength of a signal that is
input to the reception-side amplification unit 44 from the
direction coupler 43. That is, the level detection unit 47
is configured to detect an RSSI value indicating the
strength of a response signal from the wireless tag as
received by the antenna 25.
[0054] The thermistor 48 is a measuring instrument
that measures temperature. The thermistor 48 detects,
for example, a temperature in the communication control
circuit 24. The thermistor 48 provides information indic-
ative of the sensed temperature to processor 21. The
processor 21 executes operation control such as com-
munication control according to the temperature as de-
tected by the thermistor 48.
[0055] FIG. 2 is a diagram illustrating a configuration
example of a smart shelf system 101 (referred to below
as smart shelf 101, for simplicity). The smart shelf 101
incorporates a tag system of an embodiment. In the con-
figuration example shown in FIG. 2, a tag reader 110 is
a modification of the tag reader 10 and includes the in-
ternal configuration of tag reader 10 shown in FIG. 1.
Host host device 111 is a modification of the host device
11 and includes, in general, the internal components of
host device 11 shown in FIG. 1.
[0056] The smart shelf 101 is a system for reading an
RFID tag T attached to articles A placed at predetermined
positions S. Each predetermined position S is, for exam-
ple, a shelf within range of the tag reader 110. The tag
reader 110 is used for reading the RFID tags T. In the
smart shelf 101, the host device 111 detects the move-
ment of the RFID tags T (on the articles Abased on the
reading result obtained by the tag reader 110 reading the
RFID tags T. Since each RFID tag T is attached to an
article A, detected movement of a RFID tag T corre-
sponds to movement of an article A.
[0057] The host device 111 acquires an RSSI value
indicating the strength of a signal received from the RFID
tag T from the tag reader 110, and detects the movement
of a RFID tag T by a change in the RSSI value. However,
the strength of the signal received by the tag reader 110
from the RFID tag T also changes depending on the
strength of the interrogation wave output by the tag read-
er 110. Therefore, the host device 111 acquires the out-
put value for the interrogation wave from when the tag
reader 110 read the RFID tag T, and thus detects move-
ment of the RFID tag T by changes in the RSSI adjusted
by the corresponding output value of the interrogation
wave.
[0058] FIG. 3 is a diagram for explaining a configura-
tion example of an RFID tag search system 201 accord-
ing to an embodiment. In the configuration example
shown in FIG. 2, a tag reader 210 is a modification of the
tag reader 10 and includes the internal components of
tag reader 10 shown in FIG. 1. Host device 211 is a mod-
ification of the host device 11 and includes, in general,

the internal components of host device 11 shown in FIG.
1.
[0059] The search system 201 shown in FIG. 3 in-
cludes a hand-held tag reader 210 and a host device 211
connected to the tag reader 210. The tag reader 210
shown in FIG. 3 includes the internal configuration of the
tag reader 10, depicted in FIG. 1, along with external
configurations for a gripping part 221 to be gripped by an
operator and a holding part 222 for holding the host de-
vice 211.
[0060] In the tag reader 210, an operator holds the grip-
ping part 221 while the host device 211 is set in (held by)
the holding portion 222. The holding part 222 is, for ex-
ample, one or more clips, clamps, or the like. The host
device 211 includes a display device 231 with a touch
panel corresponding to the display device 15 and the
input device 16 of host device 11 in combination. For
example, the host device 211 is implemented by a port-
able information terminal such as a smartphone or a tab-
let PC.
[0061] The search system 201 can be used to search
for an RFID tag by an operator holding and moving the
tag reader 210 about with the host device 211 set therein.
The search system 201 reads RFID tags while the oper-
ator moves the tag reader 210 around, and then supplies
the reading results to the host device 211.
[0062] The host device 211 acquires an RSSI value
indicating the strength of a signal received from an RFID
tag as a reading result of the RFID tag from the tag reader
210. The host device 211 detects a change in the relative
position between the tag reader 210 and the RFID tag
as a change in the RSSI value included in the reading
result of the RFID tag. Also in this case, the strength
(RSSI value) of the signal received by the tag reader 210
from the RFID tag varies with the variation of the strength
(output value) of the interrogation wave output from the
tag reader 210. The host device 211 thus also acquires
the output value of the interrogation wave corresponding
to when the tag reader 210 acquired the response signal
from RFID tag. The host device 211 is thus able to detect
the movement the RFID tag(s) by the change in the RSSI
value adjusted based on the interrogation wave signal
strength (output value). The host device 211 displays the
detection results of an RFID tag on display device 231.
[0063] Next, a reading result from the RFID tag as
stored in the buffer memory 31 by the tag reader 10 will
be described. FIG. 4 is a diagram illustrating an example
of reading results stored in the buffer memory 31 as read
by the tag reader 10 according to an embodiment. The
buffer memory 31 stores an output value (an interrogation
signal strength), a tag information (ID), and an RSSI value
for each RFID tag that has been detected/read.
[0064] In this context, the "output value" is a strength
of a radio wave output from the antenna 25 when the
RFID tag was read. The output value is set by the output
setting unit 46 of the communication control circuit 24 in
accordance with an instruction from the processor 21.
Therefore, the output value can be known for any given
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reading attempt.
[0065] The tag information (ID) is information output
by the RFID tags in response to a response request (read
command) from the tag reader 10. The tag information
can include, for example, a header, a commodity code,
and a serial number. The header indicates a format of
the tag information and a value range for the commodity
code in the tag information. The commodity code (EPC
data) is information for identifying a commodity (or other
article or item). The commodity code is, for example, a
stock keeping unit (SKU) code, a Japanese article
number (JAN) code, or a European article number (EAN)
code. The serial number is an identification number
uniquely assigned to each commodity.
[0066] In the example shown in FIG. 4, the buffer mem-
ory 31 stores the tag information as read from the RFID
tags and an RSSI value for each of the output values of
the interrogation wave. In this case, the tag information
and the RSSI value are stored in association with each
other. The tag information and the RSSI value are read
and stored each time the output value (interrogation wave
strength) is changed. The processor 21 outputs the read-
ing results of each of the individual RFID tags stored in
the buffer memory 31 in a time series format or the like
to the host device 11 in response to a request from the
host device 11.
[0067] FIG. 5 is a flowchart for explaining an operation
example of the tag reader 10 according to the embodi-
ment. The processor 21 of the tag reader 10 starts read-
ing process for an RFID tag in response to a request from
the host device 11 connected through the communication
I/F 26. When starting the reading of an RFID tag, the
processor 21 sets the output value for the radio wave
(interrogation signal) to be output from the antenna 25
by controlling the output setting unit 46 to set the output
value to an initial value (ACT11).
[0068] After setting the output value to the initial value,
the processor 21 starts the RFID tag reading process
(ACT12). In the reading process of the RFID tag, the
processor 21 controls the communication control circuit
24 to transmit an interrogation signal at the set output
value from the antenna 25 at a designated reading inter-
val. RFID tags within the communication range provide
a response signal in response to the interrogation signal
when received. The response signals from the RFID tags
are received by the antenna 25 and by operations of the
communication control circuit 24, the information from
the responding RFID tags can be read by processor 21.
[0069] The processor 21 then determines whether the
output signal strength of the interrogation wave is to be
changed (ACT13). The processor 21 changes an output
value of an output signal from the antenna 25 when some
predetermined condition is satisfied. For example, the
processor 21 switches the output value in accordance
with a change in temperature as detected by the ther-
mistor 48. Similarly, the processor 21 can determine to
change the output value after the elapsing of a reading
interval time. Likewise, the processor 21 can determine

to change the output value in response to a change re-
quest received from the host device 11. For example, the
processor 21 can change the output value in response
to a request received from the host device 11 to increase
or decrease the output value to be used in the reading
operation. In addition, the processor 21 may determine
to change the output value in response to an instruction
from the host device 11 to change the communication
range of the tag reader 10.
[0070] When the output value of the interrogation sig-
nal is changed (ACT13, YES), the processor 21 causes
the output setting unit 46 to change the output value of
the signal being output by the antenna 25(ACT14).
[0071] When the output value is changed, the proces-
sor 21 stores the changed output value in the buffer mem-
ory 31.
[0072] Thus, the buffer memory 31 can record the
reading results of the RFID tags as read using the now
changed output value.
[0073] The output value may be changed to a certain
output value, or the output value may be increased or
decreased in a predetermined variation range.
[0074] In the reading operation of the RFID tags, a re-
sponse signal from the RFID tags is received in response
to the output signal. That is, as a reading operation of an
RFID tag, the processor 21 causes an output signal in-
cluding a read command to be transmitted from the an-
tenna 25 at a set output value by using the communica-
tion control circuit 24. For example, the communication
control circuit 24 generates a modulation signal modu-
lating a carrier wave with the read command using the
modulation unit 41. The transmission-side amplification
unit 42 amplifies the modulated signal from the modula-
tion unit 41 to an output value as set by the output setting
unit 46. The modulated signal amplified to the set output
value by the transmission-side amplification unit 42 is
supplied to the antenna 25 via the direction coupler 43.
Thus, the antenna 25 transmits the output signal corre-
sponding to the read command as a radio wave having
the set output value.
[0075] Any RFID tag existing in the reading area to
which the output signal from the antenna 25 is transmitted
is activated by receiving the signal from the antenna 25
and will recognize the read command. Any RFID tag that
has recognized the read command transmits a response
signal including the tag information stored in its memory
by backscatter modulation, for example.
[0076] The antenna 25 receives a response signal in-
dicating the tag information from each responding RFID
tag. The signal received by the antenna 25 is supplied
to the reception-side amplification unit 44 via the direction
coupler 43. The response signal amplified by the recep-
tion-side amplification unit 44 is input to the demodulation
unit 45 and then demodulated. The signal as demodu-
lated by the demodulator 45 is supplied to the processor
21 as tag information (e.g., a tag ID) that has bene read
from the RFID tag.
[0077] The response signal received by the antenna
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25 from the RFID tag input to both the reception-side
amplification unit 44 and also the level detection unit 47.
[0078] The level detection unit 47 measures the
strength of the received signal and supplies an RSSI val-
ue indicating the measured strength to the processor 21.
The processor 21 acquires tag information (e.g., a tag
ID) from the demodulation unit 45 and the RSSI value of
the response signal.
[0079] Once the processor 21 acquires a reading result
from the RFID tag (ACT15, YES), the processor 21 stores
tag information and the corresponding RSSI value in the
buffer memory 31 in association with output signal
strength used for acquiring the reading result (ACT16).
As a result, in the buffer memory 31, the reading result
of each RFID tag for which the tag information (ID) such
as an EPC value (e.g., EPC1, EPC2, ...), the RSSI value,
and the output value used for reading the RFID tag are
recorded for every single tag that has been read.
[0080] During the reading process, the processor 21
determines whether or not the reading result stored in
the buffer memory 31 should be transmitted to the host
device 11 (ACT17). For example, the processor 21 trans-
mits the reading result of the RFID tag accumulated in
the buffer memory 31 to the host device 11 in response
to a transfer request from the host device 11. In some
examples, the processor 21 may transmit the reading
results of the RFID tags that have accumulated in the
buffer memory 31 to the host device 11 at predetermined
transmission intervals.
[0081] When it is not necessary to transmit the reading
result stored in the buffer memory 31 (ACT17, NO), the
processor 21 proceeds to the process of ACT19.
[0082] When the reading result of the RFID tag is out-
put (ACT17, YES), the processor 21 transmits the read-
ing result of the RFID tags stored in the buffer memory
31 to the host device 11 (ACT18). For example, the proc-
essor 21 transmits the tag information (ID), the RSSI val-
ue, and the output value to the host device 11 for every
single tag reading of each RFID tag.
[0083] For example, when an RFID tag is read repeat-
edly over time, the processor 21 transmits the reading
results in time series to the host device 11.
[0084] By reading the RFID tags at a fixed reading in-
terval or the like, the host device 11 acquires via the com-
munication I/F 14 a reading result of each RFID tag ar-
ranged in time series. A processor 12 of the host device
11 is configured to detect the movement of an RFID tag
or a change in the relative position of the RFID tag with
respect to the tag reader based on the reading results
acquired from the tag reader 10.
[0085] The processor 12 arranges the reading results
acquired from the tag reader 10 for each separate tag
information (ID), and collates time-series reading results
for each RFID tag. The processor 12 detects a move-
ment, a change in position, or the like of a specific RFID
tag based on a change between an output value and an
RSSI value in the reading results for the RFID tag. Move-
ment or the like of the RFID tag can be detected as a

change between an output value and an RSSI value for
a reading result of a specific RFID tag. For example, if
there is no change in the output value but the RSSI value
changes for a specific RFID tag, the processor 21 can
detect that the RFID tag has moved.
[0086] During the reading operation of the RFID tag,
the processor 21 determines to stop reading in response
to a reading stop request (ACT19). For example, the
processor 21 receives a request to stop reading an RFID
tag from the host device 11 at an arbitrary timing. The
processor 21 determines to stop reading when receiving
the reading stop request from the host device 11. When
it is not determined to stop reading (ACT19, NO), the
processor 21 returns to ACT13 and repeatedly executes
the above-described process.
[0087] When it is determined to stop reading (ACT19,
NO), the processor 21 stops the transmission of the out-
put signal from the antenna 25 and stops the reading
operation of the RFID tag (ACT20). When the reading
operation of the RFID tag is stopped, the processor 21
transmits the reading result of the RFID tag stored in the
buffer memory 31 to the host device 11 (ACT21), and
ends the reading process.
[0088] In the above-described operation example, the
tag reader 10 transmits tag information, the RSSI value,
and the output value as the to the host device, but pos-
sible examples are not limited this. The tag reading sys-
tem 1 may be any system as long as the host device 11
can recognize that the tag reader 10 has changed the
output value used for tag reading. For example, the tag
reader 10 may separately notify the host device 11 that
the output value has been change whenever the output
value is switched, and tag information and the RSSI value
may be transmitted to the host device 11 as the reading
result without specifically including the output value in
the reading result for each tag reading.
[0089] As described above, the tag reading system 1
includes the tag reader 10 and the host device 11 and
both these components process the information read
from the RFID tag by the tag reader 10. The tag reader
10 has a function of notifying the host device 11 of an
output value of the interrogation wave output from an
antenna. The tag reader 10 detects an RSSI value of a
response signal from the RFID tags as received by the
antenna in response to an interrogation wave. The tag
reader 10 transmits tag information included in a re-
sponse signal from the RFID tags and an RSSI value for
the response signal to the host device 11 as a reading
result of the RFID tags. The host device 11 performs the
processing associated with detection of the movement
of the RFID tags based the reading results from the tag
reader 10.
[0090] Thus, in the tag reading system 1, the host de-
vice 11 can determine whether the change in the RSSI
value in the response signal from the RFID tag has been
caused by a change in the interrogation wave signal
strength (output value) or by the movement of the RFID
tag. As a result, the tag reading system can prevent er-
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roneous detection of movements of RFIDs tag that might
be caused by noticing a change in the RSSI value that
has been caused by a change in the output signal from
the tag reader 10 rather than RFID tag movement.
[0091] In the above-described embodiment, a program
executed by a processor can be stored in advance in the
memory in the device. However, a program executed by
a processor may also or instead be downloaded to the
device from a network or may be installed in the device
from a storage medium. The storage medium may be
any storage medium such as a CD-ROM that can store
a program and can be read by the device. The functions
obtained by the installation or download of a software
program may be realized in cooperation with an OS (op-
erating system) or the like in the apparatus.
[0092] While certain embodiments have been de-
scribed, these embodiments have been presented by
way of example only, and are not intended to limit the
scope of the inventions. Indeed, the novel embodiments
described herein may be embodied in a variety of other
forms; furthermore, various omissions, substitutions and
changes in the form of the embodiments described herein
may be made without departing from the scope of the
inventions as defined by the appended claims. The ac-
companying claims and their equivalents are intended to
cover such forms or modifications as would fall within the
scope of the inventions.

Claims

1. A tag reader, comprising:

a communication interface connectable to an
external device;
a communication control circuit configured to
output a tag interrogation signal at different out-
put levels from an antenna and receive a tag
response signal via the antenna;
a processor configured to notify the external de-
vice via the communication interface of:

an output level of the tag interrogation signal
corresponding to a received tag response
signal from a wireless tag,
a tag identification of the wireless tag includ-
ed in the received tag response signal, and
an indication of a signal strength of the re-
ceived tag response signal.

2. The tag reader according to claim 1, wherein
the communication control circuit includes a level de-
tection circuit configured to measure and output an
RSSI value of the received tag response signal, and
the indication of the signal strength of the received
tag response signal is the RSSI value.

3. The tag reader according to claim 1 or 2, wherein

the processor notifies the external device of the out-
put level, the tag identification, and the indication of
the signal strength of the received tag response sig-
nal as a tag reading result transmitted via the com-
munication interface to the external device at the
same time.

4. The tag reader according to any of claims 1 to 3,
wherein the processor notifies the external device of
the output level at a different time than the tag iden-
tification and the indication of the signal strength of
the received tag response signal.

5. The tag reader according to any of claims 1 to 4,
wherein the wireless tag is a radio frequency identi-
fication (RFID) tag.

6. The tag reader according to any of claims 1 to 5,
further comprising:

a grip part configured to gripped by a user; and
an external device holding part connected to the
grip part and configured to hold the external de-
vice.

7. The tag reader according to any of claims 1 to 6,
further comprising:

an article display shelf configured to hold a plu-
rality of articles each individually tagged with a
wireless tag, wherein
the antenna is positioned to read wireless tags
on articles held on the article display shelf.

8. The tag reader according to any of claims 1 to 7,
wherein the communication interface is a wireless
communication interface or a wired communication
interface.

9. A wireless tag reading system, comprising:

a tag reading including:

an antenna;
a first communication interface;
a communication control circuit configured
to output a tag interrogation signal at differ-
ent output levels from the antenna and re-
ceive a tag response signal via the antenna;
a first processor configured to transmit via
the first communication interface:

an output level of the tag interrogation
signal corresponding to a received tag
response signal from a wireless tag,
a tag identification of the wireless tag
included in the received tag response
signal, and
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an indication of a signal strength of the
received tag response signal; and

an external device including:
a second processor configured to receive the
output level, the tag identification, and the indi-
cation of the signal strength from the tag reader
via the first communication interface and detect
a movement of the wireless tag based on the
received output level, tag identification, and in-
dication of the signal strength.

10. The wireless tag reading system according to claim
9, wherein
the communication control circuit includes a level de-
tection circuit configured to measure and output an
RSSI value of the received tag response signal, and
the indication of the signal strength of the received
tag response signal is the RSSI value.

11. The wireless tag reading system according to claim
9 or 10, wherein the first processor transmits the out-
put level, the tag identification, and the indication of
the signal strength of the received tag response sig-
nal as a tag reading result.

12. The wireless tag reading system according to any of
claims 9 to 11, wherein the first processor transmits
the output level at a different time than the tag iden-
tification and the indication of the signal strength of
the received tag response signal.

13. The wireless tag reading system according to any of
claims 9 to 12, wherein tag reader further includes:

a grip part configured to gripped by a user; and
an external device holding part connected to the
grip part and configured to hold the external de-
vice.

14. The wireless tag reading system according to any of
claims 9 to 13, further comprising:

an article display shelf configured to hold a plu-
rality of articles each individually tagged with a
wireless tag, wherein
the antenna is positioned to read wireless tags
on articles held on the article display shelf.

15. A tag reader connected to a host device, the tag read-
er comprising:

a communication control circuit configured to
output a tag interrogation signal at different out-
put levels from an antenna and receive a tag
response signal via the antenna;
a first processor configured to notify a host de-
vice of:

an output level of the tag interrogation signal
corresponding to a received tag response
signal from a wireless tag,
a tag identification of the wireless tag includ-
ed in the received tag response signal, and
an indication of a signal strength of the re-
ceived tag response signal.
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